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(57) ABSTRACT 

An optical data code reader employing a scanner of simpli 
?ed compact construction, Which is constituted by a light 
projection means including a light source and a converging 
lens and a re?ected light sensor means including a re?ected 

light capture lens and a photosensitive element. Alaser diode 
serving as the light source and a photodiode serving as the 
photosensitive element are mounted side by side on a 
common substrate in the form of a single chip module. A 
converging ball lens of the light projection means and the 
capture lens of the re?ected light sensor means are mounted 
on a common support member, Which is connected to the 
substrate of the laser diode and photodiode in such a manner 
as to facilitate assembling of the respective components. The 
capture lens is arranged as a narroW band pass ?lter permit 
ting passage of only light rays of Wavelengths originating 
from the light source of the scanner. 
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FIG 

VAPOR — DEPOSITION LAYERS 

H: HIGH REFRACTIVITY (2.0 ~ 2.3) 
L: LOW REFRACTIVITY (1.4 ~ 1.5) 

SUBSTRATE 
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OPTICAL DATA CODE READER 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Art 

[0002] This invention relates to an optical data code reader 
Which is particularly suitable for use in reading printed data 
code patterns, for example, for reading bar code labels or the 
like. 

[0003] 2. Prior Art 

[0004] As for example of optical data reader for optically 
reading a printed data code pattern, for example, there have 
been Widely in use the so-called bar code readers for 
scanning and reading encoded information on bar code 
labels. The bar code readers of this sort are generally 
constituted by a light projection means and a re?ected light 
sensor means to read information Which is printed on bar 
code labels in the form of a variable density pattern. The 
light projection means includes at least a light source and a 
converging lens to project and converge a light beam toWard 
a bar code label. Further, the re?ected light sensor means 
includes at least a capture lens and a photosensitive element. 
Re?ected light rays from a bar code label are picked up by 
the capture lens and thereby projected on the photosensitive 
element to detect variations in density of the printed data 
code pattern as variations in received light intensity. There 
fore, the photosensitive element functions as a photoelectric 
converter, and output signals of the photosensitive element 
are fed to a signal processor and processed by knoWn signal 
processing operations to read and translate the data code 
pattern. 

[0005] For reading a printed data code pattern Which has 
a certain length like a bar code, it becomes necessary to scan 
the data code pattern. For this purpose, it has been the 
conventional practice to use a line sensor as a photosensitive 
device, in combination With a light source Which is arranged 
to project light rays over the entire length of a printed data 
code pattern area by the use of light emitting elements Which 
are arranged in a linear form or by projecting light rays 
through a slit of a predetermined length. In this connection, 
it has also been knoWn in the art to employ a movable 
re?ector mirror, for example, a polygon mirror or a galva 
nomirror for scanning a light beam Which is projected from 
a light source. 

[0006] Adoption of the above-mentioned arrangements 
hoWever inevitably results in an optical data code reader 
Which is objectionably large in siZe and Weight. Therefore, 
compact and light-Weight hand scanner type data code 
readers have been introduced and put into use to replace 
large and heavy apparatus. The hand scanner type data code 
readers are adapted to be manually moved along a surface of 
a printed data code pattern, for example, along a surface of 
a bar code label. 

[0007] A hand scanner type optical data reader is dis 
closed, for example, in Laid-Open Japanese Patent Appli 
cation H11-39425. This prior art data code reader has, Within 
a pen type casing, a light projection means consisting of a 
light source and a projected light guide member, along With 
a re?ected light sensor means consisting of a photosensitive 
element and a re?ected light guide member. A ball lens is 
?tted in a distal end portion of the pen type casing. A light 
beam Which is projected from the light source is converged 
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toWard the bar code label, and re?ections of the projected 
light are picked up by the ball lens and shed on the 
photosensitive element through the re?ected light guide 
member. Therefore, both of projected and re?ected light rays 
are passed through the ball lens. In this instance, the 
re?ected light guide member is constituted by ?ber optics, 
and the light source is constituted by a plural number of light 
emitting elements Which are arranged annularly around a 
bundle of ?ber optics of the re?ected light guide member. 
Further, the projection light guide member is constituted by 
a collimating lens and a converging lens Which has a 
function of holding ?ber optics. A mirror-?nish lens tube is 
located betWeen the converging lens and the ball lens. 

[0008] The ball lens Which is provided at the distal end of 
the pen type casing is dragged across a bar code label in 
contact With the surface of the bar code label or in a suitably 
spaced relation With the latter to scan the bar code, that is to 
say, to read the data code pattern. For this purpose, the light 
beam Which is projected on the surface of the bar code label 
needs to be converged to a beam spot of a small diameter at 
a predetermined position on the bar code label surface. On 
the other hand, re?ected light rays from the bar code label, 
the light signals indicative of variations in density of the data 
code pattern, should be securely captured into the optical 
?bers of the re?ection light guide member and transferred to 
the photosensitive element Without losses. Since both pro 
jected and re?ected light rays are passed through the one and 
same ball lens, it becomes necessary to provide tWo separate 
light paths through the ball lens, i.e., a ?rst light path 
provided through the center of the ball lens for passage of 
re?ected light and a second annular light path provided 
around the ?rst light path for passage of projected light. 
Accordingly, a light ?ux from the light source as Well as a 
light ?ux coming out of the projected light guide member is 
in the form of an annular beam, Which is fed to the ball lens 
as a forWardly converging light ?ux. 

[0009] The projected light ?ux incident on the ball lens is 
converged to an extremely narroW solid beam pattern at a 
near point Where a bar code label is located. In so doing, it 
is necessary to prevent the projection light from forming an 
annular or blurred beam spot on the bar code label surface. 
In this regard, the mirror-?nish tube of the projected light 
guide member on the side of the light source functions to 
scatter those light components Which Would not contribute 
to converge appropriately on the bar code label. 

[0010] In the case of the above-mentioned conventional 
pen type bar code reader in the shape of a hand-operated 
scanner, both of projected light rays toWard a bar code label 
and re?ected light rays from the bar code label are passed 
through the same ball lens despite extremely large light 
losses. Namely, in converging an annular light ?ux, Which is 
projected toWard the ball lens, into an extremely narroW 
solid beam pattern toWard the surface of a bar code label, it 
is necessary to scatter aWay all of those light components 
Which cannot be converged toWard a predetermined posi 
tion, at the cost of a large amount of light loss. Therefore, 
there has to be employed a high output type light source, in 
combination With a photosensitive element of a larger siZe. 
Besides, in order to project an annular light ?ux from a light 
source and to converge the light ?ux from the light source 
to one point, the projected light guide member needs to 
include a collimating lens and a converging lens betWeen the 
light source and the ball lens and a space Which is 
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enshrouded in a tube, resulting in a projection system Which 
is extremely complicate in construction and large in siZe to 
contain a long light path. 

[0011] On the other hand, on the side of the light receiving 
system Which is so located as to utiliZe a center portion of 
the ball lens, it is necessary to position the photosensitive 
element at least on the rear side of the collimating lens, more 
speci?cally, on the rear side of light emitting elements, and 
to provide a guide means to transfer signal light from a bar 
code label as far as the photosensitive element. This is the 
reason Why ?ber optics are used as a re?ected light guide. In 
such a case, transfer losses are inevitable since the ?ber 
optics have an intrinsic numerical aperture (NA). In addi 
tion, noise components are increased by scattered light 
occurring on the side of the light source as a result of 
re?ections off the tube and ball lens and getting into the ?ber 
optics by re?ections. Therefore, in order to prevent these 
noise component from entering the ?ber optics, attempts 
have been made to limit the maximum acceptance angle by 
providing a convex surface at a light receiving end of the 
?ber optics thereby to inhibit entrance of scattered light as 
much as possible. HoWever, even in that case, a large 
amount of scattered light still tends to enter the ?ber optics 
to loWer the S/N ratio to a considerable degree. 

[0012] Furthermore, the light projection side is so 
arranged as to focus a light ?ux from the light source to a 
near point to the ball lens. Therefore, even by a slight 
variation in distance betWeen the ball lens and a bar code 
label, the beam spot of projected light on the bar code label 
is blurred or deformed into an annular pattern, failing to 
converge effectively to a predetermined point. Therefore, in 
reading a data code pattern of a bar code label by means of 
a non-contacting type bar code reader, it becomes necessary 
to control the distance betWeen the bar code reader and the 
bar code label strictly to avoid reading failures and mal 
functioning of the reader although it is extremely dif?cult to 
control the movements of the data code reader precisely in 
reading operations. 

SUMMARY OF THE INVENTION 

[0013] In vieW of the foregoing situations, it is an object 
of the present invention to provide a data code reader Which 
is reduced in Weight and capable of reading data code 
accurately and reliably from a data code label means even 
When light is projected from a light source toWard a data 
label medium at a reduced volume. 

[0014] In accordance With the present invention, for 
achieving the above-stated objective, there is provided an 
optical data code reader for reading a data code from a data 
code label means bearing a printed data code pattern in the 
form of variations in density, the data code reader compris 
ing: a scanner to be dragged across the data code label means 
bearing at the time of reading the data code, the scanner 
being composed of a light projection means including a light 
source and a converging lens for projecting and converging 
a light beam toWard the label means, and a re?ected light 
sensor means including a capture lens and a photosensitive 
element for capturing re?ected light rays from the data code 
label means and converting an amount of captured re?ection 
light into an electric signal; the light source being a mono 
chrome light source having a single linear spectrum or a 
light source of a narroW radiation spectrum range; and the 

Jul. 10, 2003 

capture lens being constituted by a ball lens and arranged to 
have a narroW transmission Wavelength band permitting 
passage of a light ?ux of a source Wavelength radiated from 
said light source While cutting out other Wavelengths. 

[0015] A typical example of the label media to be read by 
the optical data code reader according to the present inven 
tion is the so-called bar code label. HoWever, data can be 
indicated in a form other than bar codes, for example, by 
Way of a pattern Which is printed on paper or on a sheet-like 
material by the use of characters, ?gures, designed shapes or 
the like and Which can be optically detected as variations in 
density. The scanner is manually dragged across the surface 
of the label means, detecting variations in intensity of 
re?ected light from the label means to read the indicated data 
code. 

[0016] In optically reading a data code on a label means, 
it is preferable to project a beam of monochrome light or of 
a single linear spectrum toWard a label medium, converging 
the beam to a ?ne beam spot diameter. The projected light 
is re?ected off the surface of the label means, and the 
intensity of re?ected light varies according to the data code 
pattern on the label medium. The variations in re?ected light 
intensity are taken into a re?ected light sensor means as light 
signals. At this time, namely, at the time of detecting 
re?ected light, light rays of Wavelengths Which have not 
originated from the light source are cut out to enhance the 
sensitivity and S/N ratio of the re?ected light sensor means. 

[0017] For this purpose, a light beam of a narroW Wave 
length band Width, preferably, of a single linear spectrum is 
projected from the light source of the scanner. The light 
source is preferably a monochrome light source, for 
example, like a laser light source, Which include for example 
a gas laser, a solid laser and a semiconductor laser. In this 
regard, from the standpoint of making the light source of the 
scanner compact, it is desirable to employ a semiconductor. 
Alternatively, among other light sources, it is possible to 
choose a light source Which has a narroW radiation light 
spectrum range like a light emitting diode. 

[0018] The light beam Which is projected from the light 
source is converged toWard the surface of the label medium 
by a converging lens Which is located in front of and at a 
predetermined distance from the light source. The converg 
ing lens is of a high magni?cation poWer having a short back 
focal length and a longer front focal length. A ball lens is 
employed as the converging lens because a high magni? 
cation poWer can be obtained from a lens of small siZe. A 
ball lens of an extremely small diameter can be produced 
easily by a polishing operation. It folloWs that the light 
projection means including a light source and a converging 
lens can be constructed in a small and compact form, thanks 
to the reduction of the distance betWeen light source and the 
converging lens. Since the converging lens has a long front 
focal length, the projected light beam can be converged 
effectively even if the distance betWeen the converging lens 
and the label means is varied to some extent during a 
scanning operation. This contributes to make the reading 
operations or the scanning operations easier. HoWever, in 
case a ball lens is used as a converging lens, there arises a 
problem of aberrations, especially spherical aberrations, 
resulting in blurring of a beam spot at a converging point. In 
order to suppress spherical aberrations, an aperture is pro 
vided on the front side of the ball lens. The aperture siZe 
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should be large enough for preventing light losses Which 
might result from errors in an assembling stage. 

[0019] The capture lens of the re?ected light sensor means 
is imparted With a Wavelength selectivity in order to separate 
natural light from signals of re?ected light to be shed on the 
photosensitive element as signals of variations in intensity of 
re?ected light from the label medium. In this regard, if the 
transmitting Wavelength of the capture lens is restricted to 
exactly correspond to the Wavelength of the light beam 
Which is projected on the label medium from the light 
source, the amount of light Which is received by the pho 
tosensitive element can be reduced to a considerable degree 
due to transition of Wavelength occurring to light rays Which 
are angularly incident on the capture lens. Therefore, even in 
a case Where the scanner employs a monochrome light 
source, it is desirable to arrange the capture lens in such a 
Way as to have a selective Wavelength band of a certain 
Width including the source Wavelength and transition Wave 
lengths, While cutting out Wavelengths on the shorter and 
longer sides of the selective Wavelength band. For this 
purpose, the capture lens is arranged into a narroW Wave 
length band type With the so-called band pass ?lter to permit 
passage only of particular light rays in a narroW Wavelength 
band, providing a re?ected light sensor means of simple and 
compact construction Which is virtually constituted by a 
capture lens and a photosensitive element. Therefore, the 
data code reader as a Whole can be constructed in a small and 
compact form. 

[0020] In this connection, in order to let the capture lens 
function as an optical ?lter, dichroic layers may be formed 
on one glass surface by laminating a large number of layers 
of dielectric material. Tens of dichroic layers are formed on 
one lens surface by alternately laminating a high refraction 
?lm layer H and a loW refraction ?lm layer L by a vacuum 
evaporation process to impart desired spectral transmission 
characteristics to the capture lens. The dichroic layers can be 
arranged to have also a function as a band pass ?lter Which 
permits passage only of light components in a particular 
Wavelength band. HoWever, it becomes necessary to lami 
nate an eXtremely large number of dichroic layers in order 
to let them function as a band pass ?lter. In this regard, the 
capture lens can be formed of colored glass to absorb or 
scatter light rays on the longer or shorter side of a selective 
Wavelength band. In this case, the dichroic layers are formed 
on one side of the colored capture lens thereby to re?ect light 
rays on the other side of the selective Wavelength band. As 
a result, there is obtained a capture lens With a narroW 
selective transmission band in Wavelength, absorbing or 
scattering light rays of Wavelengths on the shorter side of the 
selective transmission band While re?ecting light rays of 
Wavelengths on the loner side of the selective transmission 
band by the dichroic layers. 

[0021] As described above, the data code reader of the 
present invention, Which is at least constituted by the light 
source, converging lens, capture lens and photosensitive 
element, is simpli?ed in construction and improved to 
facilitate assembling of its respective parts, particularly 
precluding the adverse effects of assembling or machining 
errors as much as possible. Firstly, regarding the ball lens 
Which is employed as a converging lens of the light projec 
tion means, What is required in assembling the ball lens is 
simply to locate the center of the ball lens on an extension 
line Which is draWn from the center of a light emitting point 
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of the light source. There is no need for adjusting inclina 
tions of the optical aXis of the converging lens. On the other 
hand, namely, on the side of the re?ected light sensor means, 
the positions of the capture lens and the photosensitive 
element can be adjusted in a facilitated manner since there 
is no need for providing a optical ?lter for narroWing the 
transmission Wavelength band. 

[0022] In order to construct the data code reader in a more 
compact form and at the same time to facilitate the assem 
bling Work, the scanner employs a semiconductor laser as a 
light source of the light projection means, and a photodiode 
as a photosensitive element of the re?ected light sensor 
means. In this regard, it is desirable to mount the semicon 
ductor laser and the photodiode on a common substrate. 
Since the light source can be a loW output type as mentioned 
hereinbefore, it is possible for the scanner to employ a 
small-siZe semiconductor laser as its light source, Which can 
be provided on a single chip along With a photosensitive 
element. Further, according to the present invention, the 
converging lens and the capture lens are mounted on a 
common support member, Which is in turn connected to the 
above-mentioned common substrate of the semiconductor 
laser and the photosensitive element to facilitate the assem 
bling of the respective components. More speci?cally, the 
converging lens and the capture lens are mounted on a single 
holder member, Which is connected to the substrate. Formed 
in the holder member is ?rst and second openings for ?tting 
therein the converging lens and the capture lens, respec 
tively. With these arrangements, the converging lens can be 
set in position simply by abutting same against edge portions 
around the ?rst opening of the holder member, Which also 
functions as an aperture for the converging lens. 

[0023] As described above, according to the present 
invention, the light source and the photosensitive element 
are integrated into a single chip module by the use of a 
common substrate, While the converging lens and the cap 
ture lens are mounted on a single common holder member. 

In this case, it is desirable to arrange the optical aXes of the 
light projection means and the re?ected light sensor means 
substantially parallel With each other, and to provide a 
re?ector mirror forWard of the converging lens of the light 
projection means thereby to bend the light path of a pro 
jected light beam through a predetermined angle toWard the 
optical aXis of the re?ected light sensor means. Therefore, 
re?ected light rays off the surface of a label medium are 
directed angularly toWard the capture lens at the same angle 
as the bending angle of the re?ector mirror. In this case, it 
is possible either to provide a counter re?ector mirror on the 
opposite side, or to let the re?ected light rays angularly fall 
on the capture lens. In this regard, the bending re?ector 
mirror can be omitted in a case Where the respective com 
ponents of the light projection means and re?ected light 
sensor means are set on optical aXis Which are angularly 
tilted toWard each other in the forWard direction. 

[0024] The output light rays projected from the laser light 
source have substantially a single linear spectrum. HoWever, 
depending on the angle of incidence on the capture lens, a 
shift or transition of Wavelength occurs to the light rays. 
Accordingly, especially in a case Where re?ected light rays 
are directed angularly toWard the capture lens, it is necessary 
for the capture lens to have spectral transmission character 
istics Which permit passage of light rays With a transition 
Wavelength, Which occurs to light rays Which are incident at 
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an angle smaller than 35 degrees, While cutting out other 
Wavelengths to capture and transfer only re?ections of the 
projected light to the photosensitive element in a secure and 
reliable manner. 

[0025] In order to capture re?ected light rays from the 
label medium more effectively, it is desirable to arrange the 
capture lens into an aspheric form. In this instance, a capture 
lens of an aspheric shape can be formed, for example, by the 
use of a lens molding means. Alternatively, the capture lens 
can be made aspheric by laminating a replica on one surface 
of a spherical lens. Namely, the capture lens, Which is a 
spherical lens by itself, is made aspheric by laminating a 
replica on one of its lens surfaces. In a case Where dichroic 
layers are provided on one surface of the capture lens, a 
replica is provided on the other lens surface. The capture 
lens is constituted by a planoconvex lens or by a convex lens 
having spherical surfaces akin to a planoconvex shape, and 
desirably the dichroic layers are formed on the plane side or 
almost plane curved surface of the lens and a replica is 
formed on the other side of the lens to ensure uniformity of 
the dichroic layers. As for a more speci?c example of the 
replica construction, there may be employed a replica of an 
aspheric shape Which is constituted by three concentric 
Zones having curved surfaces of different curvatures, includ 
ing a center Zone occupying a center portion of an effective 
surface area of the capture lens including an optical axis of 
the latter and having a curved surface of a smaller radius of 
curvature than the capture lens surface, an outer Zone 
forming an outer rim of the replica along the outer periphery 
of the effective surface area of the capture lens and having 
a curved surface of a larger radius of curvature than the 
center Zone, and an intermediate Zone provided betWeen the 
center and outer Zones and having a curved surface of a 
radius of curvature larger than the outer Zone. 

[0026] The above and other objects, features and advan 
tages of the present invention Will become apparent from the 
folloWing particular description, taken in conjunction With 
the accompanying draWings Which shoW by Way of example 
preferred embodiments of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 
[0028] FIG. 1 is a schematic illustration of a bar code 
reader, as an example of application of the optical data 
pattern reader according to the present invention; 

[0029] FIG. 2 is a schematic illustration of a light pro 
jection means employed in the bar code reader shoWn in 
FIG. 1; 

[0030] FIG. 3 is a schematic perspective vieW of the light 
projection means shoWn in FIG. 2; 

[0031] FIG. 4 is a schematic sectional vieW of a light 
capture lens; 

In the accompanying draWings: 

[0032] FIG. 5 is a spectral transmission characteristics 
diagram of colored glass for the light capture lens shoWn in 
FIG. 4; 

[0033] FIG. 6 is a schematic illustration shoWing a con 
cept of dichroic ?lm layers to be formed on the light capture 
lens of FIG. 4; 

[0034] FIG. 7 is a spectral transmission characteristics 
diagram of the dichroic ?lm layers shoWn in FIG. 6; 
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[0035] FIG. 8 is a spectral transmission characteristics 
diagram of the light capture lens shoWn in FIG. 4; 

[0036] FIG. 9 is a schematic illustration explanatory of 
the volume of light received by a photosensitive element 
through a spheric capture lens Without a replica; and 

[0037] FIG. 10 is a schematic illustration explanatory of 
the volume of light received by a photosensitive element 
through an aspheric capture lens With a replica. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0038] Hereafter, the present invention is described more 
particularly by Way of its preferred embodiments With 
reference to the accompanying draWings. Referring ?rst to 
FIG. 1, there is schematically shoWn a data code reader 
according to the present invention. In the folloWing descrip 
tion of preferred embodiments, by Way of example the data 
code reader according to the invention is applied as a bar 
code reader 2 Which is adapted to read a printed data code 
pattern on a bar code label 1, and the bar code reader 2 is 
largely constituted by a scanner 3 and a signal processor 4. 
In this connection, the scanner 3 and the signal processor 4 
may be provided as separate components. HoWever, if 
desired, the scanner 3 and signal processor 4 may be built 
into one and same casing. A knoWn circuitry can be 
employed for the signal processor 4, and therefore particu 
lars of the signal processor 4 are omitted here. 

[0039] The scanner 3 is largely constituted by a light 
projection means 13 including a laser diode 10 serving as a 
light source, a ball lens 11 serving as a converging lens and 
a re?ector mirror 12 for bending a light path, and a re?ection 
light sensor means 16 including a re?ected light capture lens 
14 for passing light rays in a narroW Wavelength band and 
a photodiode 15 serving as a photosensitive element. The 
laser diode 10 is of a linear spectrum type having emission 
of 650 nm. The laser diode 10 and the photodiode 15 are 
mounted side by side on the same substrate 17 to provide the 
so-called one-chip construction. Besides, the ball lens 11 and 
the capture lens 14 are mounted on a holder member 18 
Which is connected to the substrate 17. 

[0040] The holder member 18 is constituted by an axial 
?tting portion 18a, Which is ?tted on or around the substrate 
17, and a holder frame portion 18b having circular openings 
for ?tting the ball lens 11 and the capture lens 14. In addition 
to the connection to the substrate 17, the axial ?tting portion 
18a of the holder member 18 has a function of adjusting the 
distance betWeen the laser diode 10 on the substrate 17 and 
the ball lens 11 and the distance betWeen the capture lens 14 
and the photodiode 10 on the substrate 17. The holder frame 
portion 18B of the holder member 18 is located forWard of 
the laser diode 10 and photodiode on the substrate 17, and 
provided With ?rst and second openings 19 and 20 of 
predetermined diameters for ?tting the ball lens 11 and the 
re?ection capture lens 14 in alignment With optical axes of 
the laser diode 10 and the photodiode 15, respectively. 

[0041] The ball lens 11 is ?tted in the ?rst opening 19 for 
converging a projected light beam. The capture lens 14 
Which is ?tted in the second opening 20 is approximately a 
planoconvex lens or a biconvex lens one surface of Which is 
almost ?at in curvature. The capture lens 14 has its outer 
peripheral portions ?tted in the second opening 20 of the 
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holder frame portion 18b. On the other hand, in the case of 
the ball lens 11, the body of the ball lens 11 itself is ?tted in 
the ?rst opening 19. In mounting the ball lens 11 on the 
holder 18, the center of the ball lens 11 should be located on 
an axial extension line of a light emitting point of the laser 
diode 10, and there is no need for adjusting an optical axis. 
That is to say, as long as the ?rst opening 19 on the holder 
is in alignment With the laser diode 10, it suf?ces to ?x the 
ball lens 11 in the ?rst opening 19 of the holder member 18 
by the use of an adhesive, and the ball lens 11 is set in 
position Without any further adjustment. Since the open area 
of the ?rst opening 19 is limited, it also functions as an 
aperture. 

[0042] As described above, the laser diode 10 is mounted 
on the substrate 17 along With the photodiode 15 to provide 
a single chip emission-reception assembly. On the other 
hand, the ball lens 11 and the capture lens 14 are mounted 
on the holder member 18, Which is connected and assembled 
With the substrate 17. Thus, optical axis A1 of the light 
projection system, Which is constituted by the laser diode 10 
and the ball lens 11, is disposed parallel With optical axis A2 
of the capture lens 14. Therefore, a re?ector mirror 12 is 
provided to turn the optical axis A1 on the side of the light 
projection system. The re?ector mirror 12 can be ?xed, for 
example, on the holder member 18 or on the casing of the 
scanner 3. Therefore, the light path of the projection light 
from the laser diode 10, coming along the optical axis A1, 
is turned by the re?ector mirror 12 and projected on the bar 
code label 1 With an angle of incidence 0. Signal light 
re?ected off the surface of the bar code label 1 is received 
by the capture lens 14, With an angle 0 With respect to the 
optical axis A2 of the capture lens 14. In order to maximiZe 
the level of signal light to be received by the photodiode 15 
past the capture lens 14, the photodiode 15 is located at a 
position Which is deviated by Ad from the optical axis A2 of 
the capture lens 14. 

[0043] With the arrangements just described, the bar code 
reader 2 can be reduced in Weight and provided in a compact 
form, Which can be assembled in a facilitated manner and 
fabricated at a reduced cost. Besides, it can read data on bar 
code labels 1 accurately, With high sensitivity and resolution 
and an extremely good S/N ratio Which Will make signal 
processing operations at the signal processor 4 easier. 

[0044] Thus, the projected light from the laser diode 10 
can be converged toWard the bar code label 1 by the ball lens 
11 as shoWn in FIGS. 2 and 3. In these ?gures, the re?ector 
mirror 12 Which is employed by the light projection means 
13 for angularly turning the path of projection light is 
omitted for the sake of simpli?cation of illustration. 

[0045] As shoWn in FIG. 2, projection light Which is 
emitted from the laser diode 10 is in the form of a laser 
beam, that is to say, a beam of scattered light. By passage 
through the ball lens 11, the projected light is converged 
toWard the bar code label 1. The ball lens 11 is a thick lens 
having a high magni?cation poWer. In order to use an 
effective light ?ux fraction of scattered light, occurring at a 
point of emission of the laser diode 10, for projection 
through the ball lens 11 Which is located at the distance BF 
from the laser diode 10, the projected light beam is con 
verged to the smallest beam spot at the distance FF from the 
front surface of the ball lens 11. In a case Where the diameter 
of the ball lens 11 is 2 mm, for example, a projection light 

Jul. 10, 2003 

beam is converged to the smallest beam spot diameter of 0.2 
mm at the distance of 80 mm from the front surface of the 
ball lens 11 if the distance betWeen the laser diode 10 and the 
ball lens 11 is approximately 0.5 mm. Thus, it becomes 
possible to shorten the length of the light path betWeen them. 
Besides, there is a long feasible range T Which extends 
forWard and rearWard of the smallest beam spot position and 
in Which the projected light beam is converged suf?cient 
enough for data code reading. In addition, since the marginal 
edges of the ?rst opening 19 of the holder member 18, Which 
are in abutting engagement With the front side of the ball 
lens 11, function as an aperture to correct aberrations such 
as spherical aberrations, preventing blurring of the beam 
pattern of projected light on the bar code label 1. Therefore, 
at the time of scanning the bar code label 1 With the scanner 
3, the intervening distance betWeen the scanner 3 and the bar 
code label 1 can be adjusted easily over a relatively broad 
range. That is to say, data codes can be read correctly and 
effectively even When the scanner 3 is located more or less 
distantly from the bar code label 1. 

[0046] In the case of the particular embodiment shoWn, it 
is important for the light projection means 13 to have the 
laser diode 10, the ball lens 11 and the ?rst opening or 
aberration correcting aperture 19 in alignment With each 
other. The laser diode 10 is mounted on the substrate 17 
together With the photodiode 15, While the ball lens 11 is 
?tted in the ?rst opening 19 of the holder member 18 side by 
side With the capture lens 14 Which is ?tted in the second 
opening 20. Therefore, as long as the position of the holder 
member 18 is adjusted relative to the substrate 17, the ball 
lens 11 can be automatically put in an aligned position 
simply by securely setting same in the ?rst opening 19 of the 
holder member 18 by the use of an adhesive or the like. At 
the same time, the capture lens 14 and photodiode 15 are 
also automatically brought into a predetermined position 
relative to each other. Namely, upon connecting the holder 
member 18 in position relative to the substrate 17, the 
alignment of the respective components of the light projec 
tion means 13 as Well as positioning of the components on 
the side of the re?ected light sensor means 16 is completed 
automatically. This means that the scanner 3 can be 
assembled in an extremely facilitated manner. 

[0047] As described above, the light beam Which is pro 
jected by the light projection means 13 is converged on the 
bar code label 1, and re?ected light off the bar code label 1 
is captured by the re?ected light sensor means 16. The 
re?ected light sensor means 16 is arranged to capture only 
re?ections of light originating from the laser diode 10, 
cutting out light of other Wavelengths as noise components. 
For this purpose, the capture lens 14 is arranged as shoWn in 
FIG. 4 to pass selectively light of a particular Wavelength 
band only. In other Words, the capture lens 14 itself is 
arranged as a narroW Wavelength band type capture lens 
Which functions as a band pass ?lter. 

[0048] The capture lens 14 itself is constituted by a convex 
glass lens having a spherical surface of a small radius of 
curvature, that is to say, a convex surface of a large curvature 
on the rear or inner side A, and having a substantially ?at 
surface or an almost ?at spherical surface on the front or 
outer side B. The capture lens 14 of a narroW Wavelength 
band, in the form of a convex lens, is formed by polishing 
colored glass. The reason for the use of colored glass is to 
impart functions as a ?lter to the capture lens 13. In this 
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instance, a capture lens With spectral transmission charac 
teristics as shoWn in FIG. 5 can be obtained by the use of 
colored glass, for example, by the use of colored glass Which 
is available from Scott Corporation under the product name 
of RG610 or RG630 or colored glass Which is available from 
Hoya Co., Ltd. under the product name of R60. Formed on 
the outer lens surface B of the capture lens 14 are dichroic 
layers 21, Which is constituted by 20 alternately laminated 
layers of high refraction ?lms H (index of refraction=2.0 to 
2.3) and loW refraction ?lms L (index of refraction=1.4 to 
1.5), for example, by vacuum evaporation. These dichroic 
layers 21 have spectral transmission characteristics as shoWn 
in FIG. 7. 

[0049] The capture lens 14 as a Whole has spectral trans 
mission characteristics as shoWn in FIG. 8. More particu 
larly, light components of Wavelengths smaller than 600 nm 
as Well as light components of Wavelengths larger than 750 
nm are cut out almost 100%, While only light components of 
Wavelengths betWeen 600 nm and 750 nm are passed 
through. As a consequence, a light ?ux of 650 nm, Which is 
the output Wavelength of the laser diode 10, is passed 
through the capture lens substantially 100%. 

[0050] In this connection, as shoWn in FIG. 1, the light 
beam incident on the bar code label 1 is bent by the angle 0 
by the action of the re?ector mirror 12. Therefore, a chief ray 
of re?ected light off the bar code label 1 is directed toWard 
the capture lens 14 at the angle 0. In case a light path to the 
capture lens 14 is arranged angularly like this, transition of 
Wavelength occurs to the incident re?ected light rays, from 
the radiating Wavelength of the laser diode 10. Therefore, the 
capture lens 14 is arranged to have a selective Wavelength 
band of a certain breadth. More speci?cally, the capture lens 
14 is arranged to have the spectral transmission character 
istics as shoWn in FIG. 8 for passing transition Wavelengths 
Which occur When the angle of incidence 0 on the capture 
lens 14 is 35 degrees. The narroWer the Width of the 
Wavelength band of the capture lens 14, the greater become 
the losses in capturing re?ected light. On the other hand, the 
broader the Width of the Wavelength band, the greater 
becomes a noise component. 

[0051] By limiting the transmission Wavelength band 
Width of the capture lens 14 in this manner in relation With 
output Wavelength of the laser diode 10 Which produces a 
beam of a single Wavelength, it becomes possible to receive 
only re?ections of light originating from the laser diode 10, 
almost completely cutting out noise components coming 
from natural light or other external noise components. This 
makes it possible to improve the sensitivity of the photo 
diode and S/N ratio to a marked degree. Accordingly, even 
in a case Where the laser diode 10 of loW poWer type Which 
is loW in output light intensity, the sensitivity of the photo 
diode 15 can be enhanced to a sufficient degree. 

[0052] Further, the capture lens 14 is arranged as an 
aspheric lens for the purpose of minimiZing the light receiv 
ing area of the photodiode 15 as a photosensitive element 
and for increasing the amount of light to be received by the 
photodiode 15. HoWever, the capture lens 14 Which is a 
spherical lens by itself is arranged into an aspheric lens by 
forming a replica 22 on the side of the lens surface A. In this 
instance, the replica 22 functions to enhance the efficiency of 
convergence rather than correcting aberrations. 

[0053] For this purpose, as shoWn in FIG. 4, the replica 22 
is composed of a center Zone Z1 having a curved surface 
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formed around the optical axis in a larger curvature than the 
capture lens 14, an intermediate Zone Z2 having a curved 
surface of a predetermined Width and of the smallest cur 
vature formed concentrically betWeen the center Zone Z1 
and an outer Zone Z3 having a curved surface of a prede 
termined Width and of a larger curvature and located in the 
outermost position in such a Way as to rim an outer periph 
eral side of an effective area. Instead of providing the three 
concentric curved surfaces Which are varied stepWise in 
curvature, an aspheric surface of a different shape may be 
provided according to a particular shape of a light receiving 
surface of the photodiode 15. Alternatively, if desired, the 
curvature may be varied in each one of the Zones Z1 to Z3. 
From the standpoint of ef?cient convergence, variations of a 
higher order may be provided on the surface of the replica. 

[0054] The ef?ciency of convergence toWard a narroW 
light receiving area of the photodiode can be enhanced by 
providing on the capture lens 14 the replica 22 of the 
above-described construction. ShoWn comparatively in 
FIGS. 9 and 10 are amounts of light received by the 
photodiode 15, in one case through the capture lens 14 
Which is in the form of a spherical lens Without any replica 
and in the other case through the capture lens 14 Which is in 
the form of an aspheric lens having the replica 22 provided 
on the inner lens surface A. Indicated at (a) in these ?gures 
are incident light rays, and at L1, L2 and L3 are chief rays 
of the incident light rays, the light ray L1 being at the angle 
of Zero degrees With the optical axis of the capture lens 14, 
the light ray L2 being at the angle of 24 degrees and the light 
ray I3 being at the angle of 32 degrees. Further, schemati 
cally shoW at (b) in these ?gures are received light spot 
patterns R1, R2 and R3 of the incident light rays L1, L2 and 
L3 on a light receiving surface of the photodiode 15. 

[0055] Upon comparing the tWo cases, it has been 
revealed that a point of convergence P1 is observed in a 
received light pattern R1 of the chief ray L1 at the angle of 
Zero degree, but no point of convergence is observed in 
received light patterns R2 and R3 of the chief rays L2 and 
L3 at the angles of 24 and 32 degrees, respectively. Namely, 
in the case of the chief rays L2 and L3, the received light 
pattern R2 or R3 on the light receiving surface area of the 
photodiode is out of focus and blurred. In addition, the 
received light patterns R2 and R3 are partially deviated from 
the light receiving surface area. Especially in the case of the 
chief ray of 32 degrees, a major part of the received light 
pattern R3 is located outside the light receiving area of the 
photodiode. In contrast, in the case of the aspheric capture 
lens 14 With the replica 22, as indicated at P1, P2 and P3, a 
point of convergence is observed not only in a received light 
pattern R1 of the chief ray L1 of Zero degrees but also in 
received light patterns R2 and R3 of the chief rays L2 and 
L3 of 24 and 32 degrees, respectively. Besides, regarding the 
received light patterns R2 and R3, each pattern is shifted 
toWard the center of the light receiving area, and a major part 
of the pattern falls Within the boundaries of the light receiv 
ing area. Thus, a greater amount of light can be received 
from the laser diode 10 by arranging the capture lens 14 into 
an aspheric form by the use of the replica 22. In a case Where 
it suf?ces to receive re?ected light in an amount Which 
Would be transmitted by the capture lens 14 Without the 
aspheric arrangements, one can employ a small and compact 
photodiode 15 With a smaller light receiving surface area. In 
this case, in addition to compactness, it becomes possible to 
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improve the S/N ratio in a degree corresponding to a 
reduction of the light receiving surface area of the photo 
diode. 

[0056] As described above, according to the present 
invention makes it possible to construct the scanner 3 in a 
compact form, Which is considerably reduced in siZe and 
Weight. In addition, the data code reader With the scanner 3 
is easier to assemble and can be fabricated at a loWer cost as 
compared With conventional counterparts. Accordingly, the 
data code reader according to the present invention can be 
easily and Widely built into various electric or electronic 
instruments, for eXample, into a remote controller of a TV 
set. Further, the scanner can employ a loW output type laser 
diode 10 as a light source to reduce its poWer consumption. 
More importantly, When the scanner is applied as a bar code 
reader to scan a bar code label 1, it can read data from the 
bar code label With far less possibilities of reading errors or 
failures, and therefore it can be operated easily and in a 
reliable manner. 

[0057] Thus, as clear from the foregoing particular 
description, the data code reader of the present invention is 
light, simple and compact in construction, and can read data 
code patterns With extremely high accuracy, thanks to con 
spicuous enhancement in sensitivity of the photosensitive 
element and drastic improvement of S/N ratio. 

What is claimed is: 
1. An optical data code reader for reading a data code from 

a data code label means bearing a printed data code pattern 
in the form of variations in density, said data code reader 
comprising: 

a scanner to be dragged across the data code label means 
bearing at the time of reading said data code, said 
scanner being composed of a light projection means 
including a light source and a conversion lens for 
projecting and converging a light beam toWard said 
label means, and a re?ected light sensor means includ 
ing a capture lens and a photosensitive element for 
capturing re?ected light rays from said data code label 
means and converting an amount of captured re?ection 
light into an electric signal; 

said light source being a monochrome light source having 
a single linear spectrum or a light source of a narroW 
radiation spectrum range; and 

said capture lens being constituted by a ball lens and 
arranged to have a narroW transmission Wavelength 
band permitting passage of a light ?uX of a source 
Wavelength radiated from said light source While cut 
ting out other Wavelengths. 

2. An optical data code reader as de?ned in claim 1, 
Wherein said light source is constituted by a semiconductor 
laser, and said photosensitive element is a photodiode, said 
semiconductor laser and photodiode being provided on a 
common substrate. 

3. An optical data code reader as de?ned in claim 2, 
Wherein said converging lens and said capture lens are 
mounted on a common support member, Which is connected 
to said substrate of said semiconductor laser and photodiode. 

4. An optical data code reader as de?ned in claim 3, 
Wherein said capture lens is formed of colored glass for 
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absorbing or scattering light rays of Wavelengths on the 
longer or shorter side of said transmission Wavelength band, 
and provided With dichroic layers on one lens surface 
thereof to re?ect light rays of Wavelengths on the shorter or 
longer side of said transmission Wavelength band. 

5. An optical data code reader as de?ned in claim 4, 
Wherein said colored glass has properties of absorbing or 
scattering Wavelengths on the shorter side of said transmis 
sion Wavelength band, and said dichroic layers are adapted 
to re?ect light rays of Wavelengths on the longer side of said 
transmission Wavelength band. 

6. An optical data code reader as de?ned in claim 3, 
Wherein said holder member is provided With ?rst and 
second openings for ?tting therein said converging lens and 
said capture lens, respectively, said converging lens being 
abutted against edges around said ?rst opening to utiliZe the 
latter as an aperture. 

7. An optical data code reader as de?ned in claim 6, 
Wherein optical aXes of said light projection means and said 
re?ected light sensor means are disposed substantially par 
allel With each other, and a re?ector mirror is provided 
forWard of and in a light path of a projected light beam from 
said aperture to bend said light path through a predetermined 
angle. 

8. An optical data code reader as de?ned in claim 7, 
Wherein said capture lens is arranged to have such spectral 
transmission characteristics as to pass light rays in a tran 
sition Wavelength range or light rays incident at an angle 
smaller than 35 degrees and having a transition Wavelength 
from said source Wavelength, While cutting off light rays of 
other Wavelength. 

9. An optical data code reader as de?ned in any one of 
claims 1 to 8, Wherein said capture lens is arranged as an 
aspheric lens. 

10. An optical data code reader as de?ned in claim 9, 
Wherein said capture lens is constituted by a spherical lens 
and a replica laminated on one surface of said spherical lens 
to arrange the latter into an aspheric form. 

11. An optical data code reader as de?ned in claim 10, 
Wherein said capture lens is provided With said replica on a 
lens surface on the opposite side of said lens surface With 
said dichroic layers. 

12. An optical data code reader as de?ned in claim 11, 
Wherein said capture lens is constituted by a planoconveX 
lens or by a conveX lens having lens surfaces of almost a 
planoconveX shape, said dichroic layers being formed on a 
plane lens surface or an almost ?at conveX lens surface of 
said capture lens, and said replica being formed on the other 
lens surface on the opposite side of said capture lens. 

13. An optical data code reader as de?ned in claim 10, 
Wherein said replica is constituted by at least three concen 
tric Zones of different curvatures, including a center Zone 
occupying a center Zone of an effective lens area including 
and around an optical aXis and having a curved surface of a 
smaller radius of curvature than said capture, an outer Zone 
formed annularly along an outer periphery of said effective 
lens area and having a larger radius of curvature than said 
center Zone, and an intermediate Zone provided betWeen said 
center Zone and said outer Zone and having a larger radius 
of curvature than said outer Zone. 


